Background: The absolute risk of oesophageal adenocarcinoma (EA) among individuals with Barrett's oesophagus (BE) is low and a majority of EA cases are diagnosed among individuals with no prior BE diagnosis. To ensure that insights from EA case-control studies are transferable to clinical management of BE populations, we conducted a case-case study to compare the clinical presentation, medical history and survival of EA cases with and without a prior BE diagnosis in the Surveillance, Epidemiology and End Results Medicare database.
The currently accepted paradigm for the natural history of oesophageal adenocarcinoma (EA) is progression from a normal oesophageal stratified squamous epithelium, to inflammatory lesions, to replacement with a columnar metaplasia known as Barrett's oesophagus (BE), before transformation to adenocarcinoma (Reid et al, 2010) . Overlaying an evidence-base onto this paradigm for the purposes of primary and secondary cancer prevention is not straightforward because the absolute risk of carcinogenic progression from BE to EA is low (B0.5%) (Yousef et al, 2008) and the majority (B95%) of EA cases are diagnosed without a prior diagnosis of BE (Menke-Pluymers et al, 1992; Cooper et al, 1999; Bytzer et al, 1999; Dulai et al, 2002; Corley et al, 2002) . These facts underlie the reason why we know little of risk factors for 'progression' from BE to EA, thus we may be tempted to use risk factors identified from case-control studies of EA for clinical guidance of individuals diagnosed with the precursor metaplasia. However, we must first be confident that this knowledge is transferable by ensuring that EA diagnosed in individuals without a prior diagnosis of BE has a similar pathogenesis and clinical profile to incident EA following a BE diagnosis. If these two EA populations are very differentregardless of whether this is due to differences in aetiology, biology and/or selection biases-then we need to be cautious is using knowledge from EA case-control studies in the clinical management of BE. To test the assumption that EA cases are a homogeneous group, we conducted a case-case study comparing the clinical presentation, medical history and survival of EA cases with and without a prior diagnosis of BE in the SEER-Medicare database.
MATERIALS AND METHODS
Data Source. For this analysis, we used the SEER-Medicare database, which is a collaborative effort between the National Cancer Institute and the Centers for Medicare and Medicaid Services (CMS). Surveillance, Epidemiology and End ResultsMedicare comprises cancer registry data from the Surveillance, Epidemiology and End Results (SEER) Program (http:// www.seer.cancer.gov) and Medicare claims data from inpatient hospitalisations, and outpatient and physician services. The SEER data used for this analysis included 18 cancer registries and covered B28% of the US population. Medicare provides federally funded health insurance for B97% of persons aged 65 years or older in the US. Healthcare providers submit claims to Medicare using International Classification of Diseases (ICD-9) diagnosis and procedure codes, Current Procedural Terminology (CPT-4) and Healthcare Common Procedure Coding System (HCPCS) codes. SEER and Medicare data are linked biennially using a deterministic algorithm before being stripped of personal identifiers for research use.
Study population.
We designed an EA case-case study-as well as a series of complementary case-control comparisons-nested within SEER-Medicare to better understand the natural history of this malignancy. The two EA case groups were created dependent on BE status: those with a prior diagnosis of BE (EA-prior BE); and those without a prior diagnosis of BE (EA-no prior BE). This provided for a direct comparison of risk factor profiles and survival patterns between the two case groups. In addition, risk factor profiles of each of these two case groups were compared with their own incidence density-matched population control group and their own incidence density-matched BE control group. These additional case-control comparisons provided additional insight into why case-case differences were observed.
EA-prior BE cases included all individuals diagnosed with EA (ICD-10: C15.0-C15.9; ICD-O: 8140-8575) in the SEER-18 registries during the period 1994-2009 with a diagnosis of BE (ICD-9CM code 530.2 or 530.85) at any time in their observed history but at least 6 months before the date of their EA diagnosis. Code 530.85 was introduced in 2003 and specifically identifies individuals with BE. Previous to 2003, code 530.2 (ulcer of the oesophagus) was used for diagnoses of BE. We used all instances of code 530.85 but ceased using the less specific code of 530.2 on 1/1/2004. This 1 year overlap between start of 530.85 and our cutoff for code 530.2 was based on tabulations of these codes by calendar year.
EA-no prior BE cases included all individuals diagnosed with EA without a prior diagnosis of BE. In addition, individuals with a first-observed diagnosis of BE within the 6-month period before their EA diagnosis were considered to be prevalent cancer cases and thus placed in this EA-no prior BE case group.
Each case group (EA-prior BE, EA-no prior BE) was separately matched to its own population control group and to its own BE control group using incidence density sampling with replacement of selected controls between risk sets. All controls were identified from the 5% random sample of Medicare beneficiaries residing in the geographic regions of the SEER-18 registries (including those with cancer, except EA). Matching was based on age (±1 year), sex, race and SEER registry. Population controls were matched to cases in a 5 : 1 ratio and were given their matched case's cancer diagnosis date as a pseudo-diagnosis date. BE controls were matched to cases in a 1 : 1 ratio to each EA case group and were additionally matched on date of diagnosis (BE for controls and EA for cases; exact month and year).
Only persons enrolled in Medicare parts A and B continuously for at least 3 years before their diagnosis/pseudo-diagnosis date were eligible for inclusion to ensure an adequate period for risk factor exposure ascertainment (2 years) as well as an exposure lag period (1 year). Individuals were excluded from selection if: (i) they were enrolled in an HMO at any time in the period 3 years before their diagnosis/pseudo-diagnosis date (EA cases ¼ 5219); (ii) data were inconsistent between the SEER and Medicare databases (name, sex, date of birth (coded) and date of death (coded)) (EA cases ¼ 2427); (iii) data on age, sex, race and SEER registry were incomplete/unknown (EA cases ¼ 37); or (iv) they were enrolled in Medicare on the basis of end-stage renal failure or disabilities (EA cases ¼ 1795). Oesophageal adenocarcinoma cases identified solely from death certificates or autopsy reports were excluded from selection (n ¼ 251). Oesophageal cancer cases with unknown morphology (or with non-adenocarcinoma or nonsquamous cell carcinoma histology) were also excluded from selection (n ¼ 9538). Individuals diagnosed with EA before or within 6 months of their BE diagnosis date were ineligible for selection as a BE control.
Variables for analysis. Exposures were captured from the linked Medicare claims files for a 2-year period starting 3 years before cancer diagnosis/pseudo-diagnosis date. Exposure data from Medicare claims 1 year before cancer diagnosis/pseudo-diagnosis date served as an exposure lag window and were not used for exposure classification, due to concerns that medical claims may have been affected by a diagnosis of EA.
The following variables were only assessed in case-case comparisons (EA-prior BE vs EA-no prior BE) because these variables were used as-or related to-matching factors for the selection of controls, or they are descriptors or procedures related to cancer: age, sex, race, urban/rural status, household income (adjusted for household size), education, stage, grade and tumour size. Household income and education variables were each census tract median levels that were categorised into quintiles within registry and then aggregated quintiles across registries. Education was an amalgamated and weighted variable of the four distinct census tract education variables in SEER-Medicare. Zip code data were used when census tract data were unavailable. In addition, we assessed whether there were differences in metastases, surgery, chemotherapy and radiotherapy between these two case groups using a different exposure window for these treatment-associated variables of 1 month before 12 months post date of cancer diagnosis. We also compared survival from date of diagnosis between these two case groups.
For the case-case as well as the case-control comparisons, we assessed GERD, tobacco smoking, metabolic syndrome, obesity, hypertension, impaired fasting glucose, type II diabetes, dyslipidemia, weight loss, peptic ulcer, inflammatory bowel disease, modified Charlson comorbidity score, number of physician visits in the 2-year exposure window and Medicaid dual enrolment. Metabolic syndrome was defined as the presence of at least three of the following conditions: elevated waist circumference/central obesity (obesity served as a surrogate variable); dyslipidemia (elevated triglycerides, lowered high-density lipoprotein); hypertension; and impaired fasting For case-case (EA-prior BE vs EA-no prior BE) multivariable analyses we used unconditional logistic regression to estimate odds ratios (OR) and 95% confidence intervals (95% CI) for associations with exposures. Multivariable models included age at diagnosis (continuous), sex, race, education, SEER registry and modified Charlson comorbidity score (categorical). Sensitivity analyses with adjustment for stage were also conducted. For case-control multivariable analyses, we used conditional logistic regression based on matched-sets (age, sex, race and SEER registry) to estimate ORs and 95% CIs for associations of exposures. These models included the covariates education and modified Charlson comorbidity score (categorical).
For case-case (EA-prior BE vs EA-no prior BE) survival analyses, we used Cox proportional hazards regression models with T0 defined as date of cancer diagnosis. We assessed the outcomes of death from any cause and death with oesophageal cancer as the underlying cause. Individuals were right-censored at last date of follow-up, death or end of follow-up (12/31/2009), whichever occurred first. Minimally adjusted Cox proportional hazards regression models included variables deemed as known confounders (age, sex, race, education and SEER registry) and we also tested the effects of additional adjustment for clinical factors (modified Charlson comorbidity score, stage (SEER), grade (SEER), tumour size (SEER), metastases, surgery, chemotherapy and radiotherapy). Cox proportional hazards regression models were also stratified by cancer stage (localised, regional and distant) to assess potential effect-modification. We adjusted for time to surgery (amongst those receiving surgery), and restricted analyses to those not receiving surgery to further test whether this variable affected any survival advantages of having had a prior diagnosis of BE. The proportional hazards assumption was assessed through inspection of time-stratified hazards ratios. All analyses were conducted using SAS v9 (SAS Institute Inc., Cary, NC, USA). P-valueso0.05 were considered to be statistically significant.
RESULTS
Demographic characteristics of EA cases with a prior diagnosis of BE (EA-prior BE) and of EA cases without a prior diagnosis of BE (EA-no prior BE) are shown in Table 1 . There were a total of 5271 EA cases in this study, 87% (n ¼ 4609) of which had not had a prior diagnosis of BE. Patient characteristics were mostly similar between these two case populations based on univariate comparisons with the exception that EA-prior BE cases had a higher number of physician visits in the 2-year period than EA-no prior BE cases.
In multivariable analyses of exposures/clinical conditions we found that risk of EA-prior BE (compared with EA-no prior BE) was positively associated with GERD, ever cigarette smoking, hypertension, dyslipidemia, weight loss, peptic ulcer and irritable bowel disease (Table 2 ). The OR for GERD was 11.54 (95%CI: 9.58, 13.90), while other positively associated clinical conditions with high prevalence included hypertension (OR ¼ 1.65, 95%CI: 1.34, 2.03) and dyslipidemia (OR ¼ 1.39, 95%CI: 1.17, 1.67). Obesity, metabolic syndrome, impaired fasting glucose and diabetes did not differ between the case groups upon multivariable analysis. Additional adjustment for stage had negligible effects on these estimates (data not shown).
Each EA case group was compared with an incidence density matched population control group (Table 3) in order to provide additional insight into the origin of, and evidence for, case-case differences. Seven EA cases could not be matched to suitable controls and were thus dropped from these conditional analyses. Notably, in contrast to the EA-prior BE case-population control comparisons shown, EA-no prior BE cases were no more likely than their population controls to have a prior diagnosis of GERD, but were more likely to have a prior diagnosis of metabolic syndrome (OR ¼ 1.18, 95%CI: 1.08, 1.27) and be obese (OR ¼ 1.39, 95%CI: 1.18, 1.65). EA-prior BE, meanwhile, was not associated with obesity in the multivariable model, whereas hypertension (OR ¼ 1.64, 95%CI: 1.33, 2.03) was significantly associated. Weight loss, peptic ulcer and irritable bowel disease were distinct in that they were each positively associated with EA-prior BE but inversely associated with EA-no prior BE, when compared with population controls. Generally similar patterns were observed when each EA case group was compared with an incidence density matched BE control group (Table 3) , although our sample size was considerably smaller for these analyses due to a scarcity of comparable BE subjects when applying the matching criteria. Of note was a positive association between GERD and EA-prior BE (OR ¼ 3.51, 95%CI: 1.96, 6.29) which was inverse in the analysis of EA-no prior BE (OR ¼ 0.38, 95%CI: 0.30, 0.48). Peptic ulcer and irritable bowel syndrome remained inversely associated with EA-no prior BE, as they were when compared with population controls, but these exposures were no longer positively associated with EA-prior BE.
The univariate comparisons of tumour and treatment characteristics of the two EA case populations were starkly different (Table 1) : EA-prior BE cases presented with lower stages, lower grades, smaller tumours and less metastatic disease, each relative to EA-no prior BE cases. EA-prior BE cases were also more likely to undergo surgical intervention and less likely to receive chemotherapy and radiotherapy. Overall mean survival (2.5 vs 1.4 years) was greater in EA-prior BE cases relative to EA-no prior BE. Upon multivariable Cox proportional hazards regression (Table 4) , the survival advantage of EA-prior BE cases persisted. In models adjusted for age at diagnosis, sex, race, education and registry, the HR for overall survival was 0.53 (95%CI: 0.48, 0.58) and the HR for oesophageal cancer-specific mortality was 0.45 (0.40, 0.51). These differences remained evident after additional adjustment for stage, metastases and surgery (HR all-cause mortality ¼ 0.74, 95%CI: 0.67, 0.82; HR oesophageal cancer-specific mortality ¼ 0.69, 95%CI: 0.60, 0.78). When stratified by stage, it was evident that these survival advantages were largely confined to localised disease. Results were not materially altered when additionally adjusted for time to surgery (amongst those who received surgery), and when restricted to those who did not receive surgery (results not shown).
DISCUSSION
In this manuscript, we showed that the risk factor profile, tumour characteristics, treatment and survival pattern for EA differed by whether or not there was a prior diagnosis of BE. Regardless of whether these differences are due to aetiology, biology and/or selection biases, we must be cautious in using knowledge from EA case-control studies in the clinical management of BE.
GERD was positively associated among the 13% of EA cases that had a prior diagnosis of BE. This may be expected given that a third or more of individuals diagnosed with BE initially present with symptomatic GERD (Menon et al, 2011; Omer et al, 2012) (personal communication: Drs Shyam Menon and Nigel Trudgill. NHS Trust Hospitals, England, UK, 3 February 2013) . Less expected, perhaps, is the lack of any association of GERD with the EA-no prior BE case group, which comprised 87% of the total case population. In fact, these EA cases were substantially less likely to have GERD than their matched BE controls. Despite evidence from otherwise healthy individuals that GERD severity Table 3 . Multivariable logistic regression models of exposures comparing EA-prior BE cases and EA-no prior BE cases with their respective population control and Barrett's oesophagus control groups is associated with symptoms (Bredenoord et al, 2006) , it is conceivable that many EA-no prior BE cases have asymptomatic reflux. Although individuals with BE may have a reduced oesophageal sensitivity to GERD (Byrne et al, 2003) , there is no evidence to suggest that this effect would be greater in those without a prior diagnosis of BE (i.e., greater length or C&M score of metaplasia), compared with EA-prior BE. A plausible interpretation of these findings is that a majority of individuals diagnosed with EA do not have a recent history of severe GERD exposure.
Exposures that were positively associated with EA-prior BE when compared with groups without BE (both EA-no prior BE and population controls), but null when compared with BE controls may be candidates for false-positive associations due to information bias (Figure 1 ). This idea is supported by the higher numbers of physician visits that EA-prior BE and BE control groups had-likely due to oesophageal symptoms, diagnostic workup, and surveillance of BE-relative to the groups without BE. Irritable bowel disease and peptic ulcer are putative falsepositive associations with EA-prior BE due to information bias given that the associations follow the above pattern; although peptic ulcer retained a positive point estimate (OR ¼ 2) for EA-prior BE in comparison to BE control groups, the inverse association with EA-no prior BE was strengthened when the comparison group changed from population controls (OR ¼ 0.8) to BE controls (OR ¼ 0.4). Weight loss was also a candidate falsepositive risk factor of EA-prior BE, but the pattern of association was more complex-EA-no prior BE shared an inverse association with weight loss (OR ¼ 0.8), which is unaltered when compared with BE controls (OR ¼ 0.8), providing evidence against the idea that information bias is the cause of the attenuated association with EA-prior BE when the comparison group was switched from population controls to BE controls. The relationship between hypertension and EA-prior BE was not materially altered when compared with BE controls; the lack of nominal significance is likely due to the smaller number of subjects in the BE control model and the fact that hypertension is only weakly associated with BE (Drahos et al, 2015) . Thus, hypertension may be a risk factor for EA-prior BE but not for EA-no prior BE. Although etiologic heterogeneity could be invoked, there is scant evidence for this from the other exposures assessed in this study.
We have shown that, on average, EA-prior BE cases have lower risks of all-cause and oesophageal cancer-specific death relative to EA-no prior BE cases. Two prior studies have compared all-cause mortality between EA-prior BE and EA-no prior BE case groups. The first, also based in the SEER-Medicare database, included 223 EA-prior BE cases and 2531 EA-no prior BE cases and found an HR of 0.45 (95%CI: 0.25, 0.80) (Cooper et al, 2009 ). This HR is similar to what we found, even though this study used only the less specific ICD-9CM code of 530.2 for BE and had many fewer EA-prior BE cases. A second study, conducted in Ireland, included 52 EA-prior BE cases and 664 EA-no prior BE cases and found a similar HR of 0.44 (95%CI: 0.30, 0.64), although this model was only adjusted for age at diagnosis, sex and tumour grade (Bhat et al, 2015) . Together, our studies provide compelling evidence for a survival benefit among EA cases diagnosed after BE. However, this survival benefit is unlikely the result of surveillance endoscopy-despite the greater proportion of EA-prior BE cases that were diagnosed with localised disease, relative to EA-no prior BE cases-because analyses with additional adjustment for time to surgery (amongst those who received surgery) and restriction to those who did not receive surgery each provided similar survival benefits. It is unlikely that survival differences can be attributed to lead time bias, since age at cancer diagnosis was higher for EA-prior BE cases. However, length bias-differences in tumour biology/ aggressiveness (including overdiagnosis) (Duffy et al, 2008) -is an alternative explanation.
Strengths of this study based on SEER-Medicare data include the large population-particularly of EA-prior BE cases-that provided for a robust assessment of the hypothesis, as well as the prospective nature of data collection through medical billing and diagnosis codes, which avoids recall and reporting biases associated with case-control status. Limitations include the ability to assess only EA cases diagnosed at 68 years and older, since SEER-Medicare is largely restricted to individuals aged 65 years and older, and our study design required time exposure ascertainment and exposure lag periods. Lastly, using medical billing for exposure ascertainment likely resulted in underascertainment for some variables, although this is likely to be non-differential for most exposures given the prospective collection of data.
In sum, our study provides evidence that EA case groups differ by whether or not they were previously diagnosed with BE, including differences in medical history (specifically GERD), clinical presentation and survival. These findings underscore the importance of a prudent approach when attempting to reconstruct the natural history of this malignancy with utility for cancer prevention. Knowledge from total oesophageal adenocarcinoma case-series may not be directly applicable for cancer prevention efforts in BE populations. Conversely, the value gained from studying carcinogenic progression in BE cohorts may have limited translational value to larger (unidentified) populations at high-risk of developing oesophageal adenocarcinoma. Lastly, the survival benefit associated with a previous diagnosis of BE may be ascribed to residual confounding and length bias. Barrett's oesophagus control Figure 1 . During the 2-year exposure window, the greater proportion of red in the horizontal arrows for EA-prior BE and BE control groups signifies the idea of greater likelihoods for exposure capture due to a greater number of physician visits for oesophageal symptoms, diagnostic workup, and surveillance of BE. False-positive associations due to exposure capture (information) bias may be indicated when associations are positive in comparisons of EA-prior BE with EA-no prior BE and Population Control groups yet null when compared with BE Controls.
